Abstract
Introduction

130
Zealand, 36°36'00.7"S 174°53'21.7"E), between January -April when juvenile hihi (birds in their first 
140
Although there is variable extra-pair paternity in hihi (Ewen, were assigned after two weeks if we saw at least three juveniles during more than 80% of 10 surveys
153
per location. We further confirmed that there were no other sites with higher numbers of juveniles during 154 the annual February census of the population, which is conducted every year by trained conservation
155
staff who survey the entire island over 40 hours. We then continued to survey group locations from
156
February -April, using one-hour surveys divided into 30-second time blocks (one survey = 120 blocks).
157
Within each block we recorded the identity of all hihi (both juvenile and adult) perched within a 10-metre 158 radius of the observer. We recorded individuals present across blocks to determine presence to the 159 nearest 30 seconds, and also the occurrence of behavioural interactions and the identities of the 160 individuals involved (Table 2 ; Figure 1 ). Interactions were classed as "directed" if there were clear 161 initiators; however, for some behaviours individuals were only ever seen to interact equally, so we 162 classified these as "undirected" ( 
252
we calculated averaged effect sizes (±95% confidence intervals) for predictors using the package
253
AICcmodavg (version 2.1-1) (Mazerolle, 2017) . Based on the evidence from this initial exploration (see
254
Results) we did not analyse effects of relatedness further using MARK, or in social network analysis.
256
Social network analysis
258
We constructed a social network for each year separately using the R package asnipe (version 1.1.9) 259 (Farine, 2013 ). First we used the "gmmevents" function to detect temporal clusters in our time-stamped
260
(to within 30s) sightings data and build an association matrix (Farine, 2013; Psorakis et al., 2015) . Using 261 this approach avoids artificially restricted associations, which can occur using a more fixed time-window 262 approach (Psorakis et al., 2015) . To validate if "gmmevents" groups represented true associations, we 263 then compared the length of time (number of sequential observation blocks) we re-sighted hihi during 264 observations to event lengths generated by "gmmevents". All networks were weighted, which incorporates both the number and strength of social connections and are considered more robust than 266 binary networks (Farine, 2014) . Any hihi with fewer than 3 observation records were not included in 
281
We tested if hihi formed non-random associations in their groups compared to permuted networks using depending on their age class (adult and juvenile "assortment"). We tested for assortment in edge weights 287 using the assortnet package (version 0.12) (Farine, 2014) Table 3 .2 and explored if particular types of interactions were correlated using a Principle
309
Components Analysis (PCA) (Budaev, 2010) . For any principle components that explained 75% of 310 variance, we next assessed how they correlated with network associations and whether juveniles that 311 behaved in particular ways were more central in the network. We extracted weighted degree scores 312 from our network for each juvenile each year, which explained the number and strength of associations
313
for each bird and thus its placement in the network (animals with more connections tend to be placed 314 more centrally (Krause et al., 2015) ). We ranked degrees and divided ranks by the number of juveniles 315 each year, to calculate a proportion rank that was comparable across the different years of the study.
316
We then constructed a GLM with each juvenile's degree rank as the response and any identified 317 principle components as predictors. To account for non-independence in network data, we generated 
348
Consequently, our multistate analysis estimated that juveniles were re-sighted at least twice as 
355
Networks reflected these general patterns in residency and showed strong positive assortment by age:
356 each year at least 38% of associations occurred between juveniles only (Table 4; 
360
negatively loaded to "playfight" (Table 5 ; Supplementary Figure 1) , which was the most frequent 361 interaction (mean ± S.E. proportion of total interactions per juvenile that were playfights = 0.25 ± 0.02).
362
Most remaining variation was represented by PC2 and PC3 (Table 5 ; Supplementary Figure 1) . PC2 363 was loaded most strongly by "huddle" and "chased", but in opposite directions; this quantified variation 364 in potential affiliative behaviours, because positive scores indicated individuals that huddled more were 365 chased less often. PC3, on the other hand, was loaded negatively by "huddle" and "chased", but
366
positively by "chase". This third component described variation where individuals that huddled less 367 chased others more. For individuals that interacted, these three behavioural components did not 368 significantly predict variation in network position (Table 6 ). However, there was a non-significant 369 tendency that individuals with a more positive PC3 score (more likely to chase, less likely to be chased 370 or huddle) had higher degree ranks ( Figure 2d , e, f. 
389
413
(components 4-6 accounted for 21.5% variance in total and are not presented).
414
Behaviours that loaded most on each PC are highlighted in bold. 
425
DID GROUPS FORM IN STABLE LOCATIONS, OR DID THEY MOVE?
427
Quantifying movement (Ψ) in our multistate analysis showed a low likelihood that hihi transitioned 428 between group sites, although this did vary depending on where birds were moving to and from (Table   429 3, Figure 2d , e, f; Supplementary Table 1) . Movement also depended on age, and some juveniles did predominantly of juveniles, and although some adults were observed their presence was more transient.
475
Network associations reflected these differences in residency: rather than associating with adults,
476
juveniles most strongly associated with other juveniles frequently present in the same group locations.
477
Juveniles also interacted more frequently with other birds compared to adults. However, despite 478 differences among individuals in the amount of affiliative-or aggressive-type interactions, the types of 479 behavioural interactions did not significantly predict a juveniles' number of network associates. Finally,
480
juveniles were almost never seen with their parents (occurred in only 2-8% of surveys across the study)
481
and were also re-sighted without their nest mates in the majority (72-78%) of surveys. Together, these 482 results suggest juvenile hihi groups most closely resemble the "gangs" described in juvenile ravens by 
530
collected from different experiences, which could be more relevant to the current environment (Schwab, 
531
Bugnyar and Kotrschal, 2008; Kulahci et al., 2016) . Young animals are known to pay more attention to 532 non-kin particularly when early life conditions were suboptimal, suggesting they adjust associations 533 depending on payoff (Farine, Spencer and Boogert, 2015) . Hihi do have high rates of extra-pair paternity 534 (Brekke et al., 2013) , and unfortunately genetic data was not available at the time of the study, but the 535 general low presence of adults or half-siblings suggests relatedness was not important to their grouping 536 (Saitou, 1978 (Saitou, , 1979 Hirsch et al., 2013; Arnberg et al., 2015) . Overall, if hihi juvenile groups may be 537 information centres then it will be valuable to test how they inform foraging behaviour.
539
While aggregating, juvenile hihi interacted directly with other individuals. Some behaviours were not 540 equal (for example, a hihi that was chased did not then become the chaser) and so could be establishing 541 dominance in these groups (Drews, 1993) . Other behaviours appeared to be affiliative, and consistent with definitions of social play (Diamond and Bond, 2003) . Social play is known in other gang-forming 543 juveniles (ravens) (Heinrich and Smolker, 1998; Diamond and Bond, 2003) and is generally thought to 544 be a more complex behaviour associated with large brain sizes, but previous reviews have cautioned
545
that its apparent absence in other species could be due to a lack of research (Diamond and Bond, 2003) .
546
Interactions between juveniles have been suggested to be one route by which information is shared in 547 other species (Diamond and Bond, 2003 
